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STUDIES OF WATER-RETENTIVE CHEMICALS 
AS ADMIXTURES WITH NONPLASTIC ROAD- 
BUILDING MATERIALS 


BY THE DIVISION OF TESTS, PUBLIC 


Reported by E. A. WILLIS, Associate Highway Engineer, 


ROADS ADMINISTRATION 


and C. A. CARPENTER, Associate Civil Engineer 


URING the past several years the Public Roads | pivot of the beam in such a position that the wheels 


Administration has conducted laboratory and field 
studies of various types of base-course materials 
and the factors that influence their behavior in service. 
The results of two of the laboratory investigations 
have been published in recent issues of Pusiic Roaps.' 
Observation of the behavior of soil road surfaces and 
the performance of the same materials following the 
application of bituminous surfaces has suggested the 
need for laboratory study of this type of construction. 
Such observations have already established the follow- 
ing facts: 

1. Mixtures of granular 
that form highly stable 
unstable bases when 
surfacing. 

2. Nonplastic granular materials, having gradings 
within definitely established limits, provide stable base 
for relatively thin bituminous surface treat- 


aggregate and clay binder 
road surfaces may become 
covered with a waterproof 


as 


courses 
ments. 

These same nonplastic materials when subjected 
to traffic prior to surface treatment may be loose and 
dusty in dry weather and the loss of surface metal may 
be excessive. 

!. Moisture films serve to bind such nonplastic 
aggregates into a coherent road surface. 

Certain chemicals used either as admixtures or 
surface applications aid materially in maintaining these 
moisture films under suitable climatic conditions. 

This report describes investigations using the out- 
door circular track, shown in figure 1, to determine 
effect of the water-retentive chemicals, calcium 
chloride and sodium chloride, on nonplastic granular 
mixtures under controlled traffic and moisture condi- 
tions both before and after the application of a thin 
bituminous surface treatment. 

The circular track used in these investigations was, 

ith the exception of tire equipment, a duplicate of the 
inloor track used in the studies previously reported.’ 
T! e test wheels for the outdoor setup were equipped 
with high-pressure tires, size 305, requiring an infla- 
tion pressure of 80 pounds per square inch instead of the 
size 6.00-20 low-pressure tires that were used with the 
indoor equipment. The load was, as in the indoor 
track tests, 800 pounds on each wheel. This was in- 
crexsed to 1,000 pounds near the end of some of the 
tes! 

Distributed traffic which was used for compacting 
and testing the unsurfaced mixtures was obtained by 
gradually shifting the rotating beam longitudinally 
with respect to its axis of rotation, causing the wheels 
‘0 pursue alternately expanding and contracting spiral 
courses covering the entire track area. Concentrated 
traffic, which was used after the surface treatment had 

een constructed, was obtained by locking the sliding 


a 
' A study of Sand-Clay Materials for Base-Course Construction, by C. A. Car- 
penter ind E. A. Willis. Pusriic Roaps, November 1938. A study of Sand-Clay- 
pavel N Materials for Base-Course Construction, by C. A. Carpenter and FE. A. Willis. 
UBLIC Roaps, March 1939 


the 


187099—39—-1 








circular courses whose center 
, inches on either side of the center 


pursued two concentric 
lines were about 2! 
line of the track. 





THE 


FIGURE 1 OvutTpoor CircutarR Track UsEp IN TESTING 


Roapb-BUILDING MATERIALS. IN THE BACKGROUND Is THE 
MovaABLE SHED USED TO COVER THE TRACK AT NIGHT AND 
Durinc Rainy WEATHER 

This investigation involved the construction and 


testing of 20 track sections. Each section was 18 inches 
wide, 6 inches deep, and approximately 7.5 feet long. 
Five sections comprised a test track and were tested as 
agroup. Thus four tracks were required to test the 
20 sections. 


VARIOUS AGGREGATES AND ADMIXTURES USED IN TEST SECTIONS 


The gradings and soil constants of the aggregates 
used in the 20 test sections are given in table 1. The 
materials comprising the 15 test sections of tracks 1, 2, 
and 3 were prepared by yes Potomac River 
gravel, Potomac River sand, pulverized silica, and a 
local clay soil having a liquid limit of 41 and a plas- 
ticity index of 18. 

Crusher-run limestone, blast-furnace slag, and granite 
were used in the construction of the five sections tested 
in track 4 

Tracks 1, 2, and 3, except for minor differences in 
grading incident to slight variations in the stock ma- 
terials, had identical composition. In section 1 of each 
of the three tracks the material passing the No. 200 
sieve was primarily the clay soil while in all other 
sections the fines consisted primarily of the inert 
pulverized silica. Sections 1 and 2 of tracks 1, 2, and 3, 
had approximately the same amounts of material pass- 
ing the No. 200 sieve. Sections 3, 4, and 5, differed 
from sections 1 and 2 and from each other primarily 
in the amount of mineral dust present. 
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174 


TABLE 1.—Gradings and soil constants of materials used in study of water-ret 


Track No. 1, section 
» 2 3 4 5 1 2 

Grading: Pet Pet Pet Pet Pet Pet. | Pet. 

Passing 1-inch sieve 100 100 100 100 100 100 100 

Passing %-inch sieve P 98 Og 95 96 07 98 96 

Passing No. 4 sieve 75 RU 66 69 63 76 73 

Passing No. 10 sieve 62 69 57 59 52 65 64 

Passing No. 40 sieve 40 46 37 35 31 40 43 

Passing No. 200 sieve. _- 23 24 18 12 i) 23 26 

Passing 0.005 mm : 7 6 5 4 { 8 8 
Dust ratio ! 58 52 49 4 29 58 60 
Tests on material passing No. 40 sieve 

Liquid limit ee 17 17 18 16 18 18 17 

Plasticity index_......... 2 0 0 0 0 3 2 


percentage passing No. 200 sieve 


percentage passing No. 40 sieve 





! Dust ratio= 100 


In track 4, section 1 consisted of limestone, section 
2 of granite, section 3 of blast-furnace slag, section 4, 
90 percent by weight of granite and 10 percent slag, 
and section 5, 90 percent by weight of granite and 10 
percent limestone. 

Calcium chloride was used as an admixture in track 
1 and sodium chloride in track 2. Track 3 was tested 
without a chemical admixture. Track 4 was tested 
first without chemical treatment and then with a 
surface application of calcium chloride. 

In constructing the test sections of tracks 1, 2, and 3, 


sufficient water including that used to dissolve the 
chemicals was added to the aggregates to bring the 


mortar portion to its optimum moisture content as pre- 
viously determined by the Proctor test (A. A. S. H. O. 
Standard Compaction Test No. T99-38) with a slight 
excess for wetting the coarse aggregate. 

No Proctor compaction tests were made on the 
crusher-run materials used in track 4. Just enough 
water was combined with the mixtures used in this 
track to cause them to hold a cast when squeezed in the 
hand. Vibratory compaction? tests were made on 
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lentive chemicals 


ection Track No. 3, section Track No. 4, section 
3 4 ] 2 4 l 2 3 4 5 
Pet Pet Pet Pet Poa Pet Pet Pet Pet Pet Pet Pet Pet 
100 100 100 100 100 100 100 100 100 100 100 100 100 
O7 97 GS 46 92 “7 13 U7 100 100 00 100 100 
67 62 5S 79 67 “F 61 59 O8 “4 65 OR 95 
456 AQ 16 66 bY 4s 50 16 55 63 35 64 56 
35 0) 26 45 4] 33 30 29 25 43 19 4| 37 
19 12 2 22 It 12 9 12 16 5 16 14 
6 5 ) 11 5 { 3 3 3 3 l ] 2 
54 40 27 i 54 is 10 31 is 7 2t 39 38 
16 15 16 ] 14 { 13 10 14 ] 27 25 25 
2 0 0 2 0 ( 0 0 2 0 0 0 0 
| TABLE 2.— Moisture contents immediately after construction and 
optimum moisture contents on the fraction of material passing 
the No. 10 sieve 
Optimum 
Moisture I . 
motsture con- 
Sectior content of 
ek Ne tent o iate- 
ra Ni sections after = * f “2 ate 
lacing ! rial passing» 
Pp "= N« 10 sieve ” 
Percent Percent 
l Rf 9.8 
| y 4 6.4 Q8 
1 ; 4 7.0 &. 6 
4 6.2 9. 1 
oY 9.0 
7.1 10.0 
2 6.4 9.5 
9 ; 6.6 9 
i 5.4 8.9 
| 7 4.3 Rf 
6.9 10.0 
| e 6.2 10.3 
3 5.3 9.7 
4 $8 Os 
4. 1 
| 6.7 
| 2 10.0 
: | 


these materials subsequent to the construction of the 


sections. 

The moisture contents of all sections immediately 
after being placed in the track and the optimum 
moisture contents for the mortars of the materials 
used in tracks 1, 2, and 3, are shown in table 2. 

The procedures for preparing the materials for the 
track tests, constructing the test sections, and surface- 
treating them were as follows: 

1. Sufficient materials were prepared for only one 
track at a time. The aggregates were proportioned 
by weight from the stock materials to give the desired 
gradings and were thoroughly mixed before any water 
was added. 

2. Water was added and mixing continued to dis- 
tribute the moisture. 

3. In tracks 1 and 2, the chemical admixture, in the 
amount of 2 pounds per square yard, was added as a 
solution along with the water. 

4. The moistened mixtures were then placed in the 
trough of the track in two approximately equal layers, 
each layer being compacted with the traffic of pneu- 
matic-tired wheels uniformly distributed over the 
surface. 

5. Compaction was continued on the top layer until 
no further subsidence was noted and all sections were 
in suitable condition for testing. This required 18,200 


2A New Vibratory Machine for Determining the Compactibility of Aggregates, 
by J. T. Pauls and J. F. Goode, PuBLIc RoapDs, May 1939. 


| 





| Based on the dry weight of the total aggregate 
? Based on the dry weight of the portion of the aggregate passing the No. 10 sieve 


wheel-trips, 64,000 wheel-trips, 60,000 wheel-trips, and 
82,600 wheel-trips for tracks 1, 2, 3, and 4, respectively 

6. Testing of the materials without a bituminous 
surface treatment then proceeded. 

7. After this phase of the testing had been completed, 
the sections were reshaped and trimmed smooth. 

8. A prime consisting of 0.3 gallon per square yard 
of light tar was applied and allowed to cure. 

9. A surface treatment consisting of 0.4 gallon of hot 
application bituminous material ard a cover of 50 
pounds per square yard of stone of %-inch maximum 
size was constructed. 

10. The treatment was consolideted by additional 
distributed traffic until the surface was well sealed and 
showed no movement. 


WEATHER CONDITIONS VARIED CONSIDERABLY DURING TEST 


The outdoor track was used in these investigatio! 
because it was desired to subject the materials treat 
with water-retentive chemicals to the influence of chang 
in temperature and humidity similar to those encounter 
on roadsin service. A recording thermometer and hyg! 
meter was installed near the track to determine these [: 
tors. A movable sheet metal roof, shown in figure 1, 1 


used to cover the track at night and on rainy days so th: 
the amount of water placed on the surface of each sect!0 
could be accurately controlled. 
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The tests described in this report were conducted at 
different times of the year. A brief summary of the 
temperature and humidity data collected by means of 
the recording instrument, previously mentioned, during 
the tests on the four tracks is presented in table 3. 

The behavior of the materials under test was judged 
on the basis of the appearance of the sections at various 
stages of the tests supplemented by measurements of 
vertical displacement of the surface. The measure- 
ments were made with the transverse and longitudinal 
profilometers which have been described in the previous 
reports. 


TABLE 3.—Summary of weather data 


Track Track Track Track 
No. 1 No. 2 No. 3 No. 4 
Date constructed 7-15-36 | 10-19-36 4-12-37 10-8-37 
End of test 10-12-36 4- 3-37 6-11-37 4-2-38 
Average daily maximum tempersture 
°F $3.3 51.0 75, 2 52, 1 
\verage daily minimum temperature | 
oF 62.1 | 32.0 51.7 31.9 
Maximum recorded temperature at 101 81 93 Sf 
Minimum recorded temperature °F 42 16 32 l€ 
Greatest change in 24 hours | 
From a oe 101 62 93 74 
To pi 67 31 42 29 
Average daily maximum relative hu- 
midity percent 88.4 81.0 84.0 82.8 
\verage daily minimum relative hu- 
midity percent 35.8 | 31. ( 26. 0 1 
Maximum recorded relative humidity | 
percent o4 v j2 ) 
Minimum recorded relative humidity 
percent 14 ) 9 ¢ 
treatest change in 24 hours 
From percent 90 90 92 92 
lo do 14 10 y ~ 


The resistance to raveling of the various materials 
when tested without the protective surface treatment 
was judged primarily by visual observation. No close 
correlation could be obtained between vertical displace- 
ment and the time raveling started because the con- 
crete curbs prevented much of the loosened material 
from being thrown off the surface. During the portion 
of the test period in which water was sprinkled on the 
surface, increasing rates of vertical displacement were 
observed in some instances even though during this 
stage the surface was generally well bonded and in good 
condition. 

\n average vertical displacement of about 0.25 inch, 
measured after the sections had been surface treated 
and subjected to the action of concentrated traffic, was 
observed to be sufficient to cause noticeable damage to 
the bituminous surface. This is in agreement with con- 
clusions reached in previous investigations using the 
sanie apparatus. Numerically, the amount of rutting 
measured with the longitudinal profilometer agreed in 
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FIGURE 2.—SuRFACE DISPLACEMENTS OF SECTIONS OF TRACK 1 


4T VARIOUS STAGES OF THE TEST. 


general with the amount of vertical displacement 
measured with the transverse profilometer. 

Changes in behavior of the various sections under 
altered test conditions are clearly shown by abrupt 
changes in the slopes of the displacement curves in 
figure 2 for track 1 and in subsequent figures for tracks 
2, 3, and 4. 

Track 1: Calcium chloride admizture.-—The schedule 
of traffic applications and changes in water elevation 
with notations on the behavior of the five test sections 
of track 1 are given in table 4. 

Figure 2 shows the combined effect of consolidation 
and loss of surface material as measured by the trans- 
verse profilometer for the period up to 151,200 wheel- 
trips during which time the sections were being tested 
under distributed traffic, without bituminous surfaces. 
It also shows, for the period from 171,200 wheel-trips 
to the end of the test, the displacements of the sections 
as measured with both profilometers while testing under 
concentrated traffic, with bituminous surfaces. 


TABLE 4.—Schedule of operations and behavior of test sections in track 1 with calcium chloride 


Water 











Behavior 
_. 2 =e a F a = 
Operation Traffic | peo 
sub- | Sec, 1 | Sec. 2 Sec.3 | Sec. 4 See, 5 
base | 
- aos a iy ss ae A eee : ee 
} | 
: Wheel-trips Inches | | | 
Placing .nd compacting ica ‘ | Oto 18,200} 10 | Unstable_- | Good | Good GO senses nccadccndens Good. 
Testing with distributed traffic. j 18,200 to 38,200 | 2\4! Slightly unstable.__.|__.__do.. |__...do DONS sat: imiis cota Slight raveling. 
Do . ~ | 38,200 to 58,200 “a Good.......... wae ET SS Tapes } ON as ori eh ad Raveled. 
es <a : | 58,200 to 118,200 10 | do See eueaN do ie Slight raveling._.____-- Do. 
Sprink g and testing with distributed 118,200 to 151,200 | 10 | Slightly unstable .do } do Good during sprinkling, | Good during sprinkling, 
am | | _some raveling later. raveled later. 
— ng bituminous surface treat- | 151,200 to 171,200 10 | |. ——< oe | i icashctinnnulionetaredulns Good. 
ent. } 
Testing with concentrated traffic... | 171,200 to 211,200 | a I el eS ee fee eee ee Do. 
ey coe sesh aS 211,200 to 261,200 | ae | SEES: eS 2 “ES | RES Do. 
aes 2 261,200 to 208,500 | 5 | CERES ass do do_....| Slightly unstable_._.___- Unstable. 





No water in sub-base. 
Wheel loads increased from 800 to 1,000 pounds at 295,000 wheel-trips. 
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Lovsening of the surface metal under distributed 
traffic was first noted at about 35,000 wheel-trips in 
section 5, which was the section having the lowest. per- 
centage of No. 200 material. At this time the water 
was 2}; inches above the bottom of the test layer. 
Traffic was continued and the water level lowered (see 
table 4) until the base was finally drained. Raveling 
progressed in section 5 until, at 118,200 wheel-trips, the 
surface was quite loose and open as shown in figure 


9 
oO. 
A similar action in lesser degree was noted in section 4. 





FIGURE 3.—TyPIcAL SecTIONS OF Track 1 At 118,200 WHEEL- 
Trips, Just BEFORE THE FIRST SPRINKLING. LEFT, SECTION 
2, Wuicu Is Atso REPRESENTATIVE OF SECTIONS 1° AND 3; 
RIGHT, SECTION Wuicu Is Atso REPRESENTATIVE OF 
SECTION 4. 


wv, 


Sections 2 and 3 remained in good condition through- 
out this portion of the test. Section 1 failed to compact 
well during the initial compaction period (0 to 18,200 
wheel-trips) but began to set up soon after water was 
admitted to the sub-base and exhibited no signs of 
excessive raveling from about 38,000 wheel-trips to 
118,200 wheel-trips, when the track was first sprinkled. 
Figure 3 shows section 2 at 118,200 wheel-trips. Sec- 
tions 1 and 3 were in a similar condition at this time. 
Some exposed aggregate was evident, particularly along 
the curb lines where abrasion was most severe, but in 
general the surfaces were dense and well bonded. 


LEACHING TESTS ON TRACK 1 STARTED AT 118,200 WHEEL-TRIPS 


Water was applied to the surface of the test sections 
in track 1 during the traffic test period from 118,200 
to 129,600 wheel-trips in the following manner: 

1. Temporary dikes of plastic clay were placed at 
the ends of each section. 

2. Water was sprinkled on the surface in increments 
equivalent to one-fourth inch of rainfall distributed 
over the area of each section. 

3. The water was allowed to soak into the respective 
sections and to percolate through the test course, into 
the sub-base, and out the drains at the bottom. 

4. After each of the first six applications of water had 
disappeared from the surface the dikes were removed 
and about 2,000 trips of test traffic applied. 

Nine applications of water or the equivalent of 2% 
inches of rainfall were allowed to percolate down 
through the test course and six increments of traffic, 
11,400 wheel-trips in all, were applied, bringing the 
total traffic to 129,600 wheel-trips. 

The first application of water disappeared from the 
surface of section 5 in about 2 hours, and about 24 
hours were required for the water to disappear com- 
pletely from section 1. The time required for the water 
to enter the mixtures became progressively greater with 
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each increment of water until toward the end of this 
phase of the test, 24 hours was required for section 5 to 
transmit a 'y-inch application of water. 

Samples were taken from each section near the center- 
line just before the first application of water (118,200 
wheel-trips) and again after the final application had 
leached through all sections. These samples were 
obtained by boring through the entire thickness of the 
test layer with a 1's-inch soil auger. Care was taken to 
save all the material from the test holes, which were 
made as nearly uniform in cross section throughout 
their depth as possible. The moisture content of each 
section as well as the calctum chloride content recovered 
from that portion of each boring passing the No. 10 
sieve are shown in table 5 for the times indicated 
above as well as at the beginning and end of the test. 








y ABLE 5 Voisture contents and cale) wm chlo» ide contents n 
track 1 at several stages of the test 
Calcium 
Number Moisture ehlorid 
2 X of wheel content content of 
trins based on portion 
’ iry weight passing No 
10 sieve 
Perc Percent 
2,700 | Start 5.6 0. 22 
, 118, 200 | Before sprinkling 7 
129,600 | After sprinkling { 
208,500 | After testing with bituminous sur 
face 
2. 700 Start o.4u 
. 118, 200 | Before sprinkling 
ri 129,600 | After sprinkling 
208, 500 After testing with bituminous sur 
face 
2, 700 Start ‘ 
. 118, 200 | Before sprinkling 14 
; 129,600 | After sprinkling 1.1 
298, 500 | After testing with bituminous sur 
face 4. ( 
2,700 | Start f. 2 2 
{ 118, 200 | Before sprinkling 1.4 . Or 
129,600 | After sprinkling : 3.3 
298, 500 | After testing with bituminous sur 
face 5.7 
2,700 | Start ( 
5 | 118, 200 | Before sprinkling 1.3 
‘ 129, 600 | After sprinkling 3.2 
| 298,500 | After testing with bituminous sur 
face 5.9 


Tests on the mortar portion of the five mixtures jus' 
before laying showed calcium chloride contents of 0.19 
to 0.27 percent of the dry weight of the fraction passin 
the No. 10 sieve. After 118,200 wheel-trips, th: 
samples showed calcium chloride contents in the morta: 
portion of 1.11 percent for section 1, and 0.33 percen 
for section 2. The percentages of calcium chloride 1: 
the other sections at this time weve less than at th: 
start of the test, being 0.20 percent for section 3, an 
0.06 percent for both sections 4 and 5. 

Sections 1 and 2, which showed marked increases | 
chloride content along the center line, were dens 
and had higher dust contents than sections 3, 4, and 
As will be shown later even greater increases wi 
observed in sections 1 and 2 of track 2 in which sodii 
chloride was used as an admixture. There was not! 
disclosed by the tests to explain these increases. 

The effect of leaching on the chloride conten! 
clearly shown in table 5. All sections except sectio! 
showed a decrease in the amount of the soluble 
present. Further decreases in chloride content \ 


revealed by analyses made at the end of the test per 
The retention of the admixture was greatest in sect)! 
1 which contained the clay-soil and decreased as ''\¢ 
| amount of material passing the No. 200 sieve decre: 
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After the final application of water on the surfaces of | 
the test sections, distributed traffic was continued to 
151,200 wheel-trips with no water in the sub-base 
During this period section 1, which had showed signs 
of surface rutting when saturated from the top, became 
stable again although the accumulated average vertical 
displacement had reached 0.24 inch before the surface 
treatment was applied. Sections 2 and 3 showed little 
movement and were not affeeted by the water applied 
to the surface. Sections 4 and 5 appeared to be benefited 
temporarily by the surface applications of water. 
Their surfaces became smooth and well bonded under 
the action of traffic. This improvement, although of 
very short duration, is shown by the temporary change 
in slope of their vertical displacement curves (fig. 2). 
As traffie was continued under drying conditions the 
previous tendency of these two sections to ravel re- 
appeared. Figure 4 illustrates the appearance of 
typical sections of track 1 at 151,200 wheel-trips, or 
just before the bituminous surfaces were applied. The 
view of section 2 is representative of the condition of 
sections 1,2, and 3. That of section 5 is representative 
of the condition of sections 4 and 5, and shows the 
decidedly loose and open-surface texture of these two 
sections, 

PRAFFIC TESTS CONTINUED AFTER BITUMINOUS SURFACE APPLIED 

As shown in figure 2, new initial or zero displacement 
readings were taken after the application and compac- 
tion of the bituminous surface and the record from that 
time on or from 171,200 wheel-trips to the end of the 
test indicates the behavior of the chemically treated 
materials when acting solely as base courses. 

The materials in all sections of track 1 gave good 
service and showed little movement as base courses 
even under the very severe test conditions imposed by 
inaintaining the water elevation at 2% inches. At 
261,200 wheel-trips, or 90,000 wheel-trips after the 
start. of coneentrated traffic and 60,000) wheel-trips 
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Figure 4.—Typicaut Sections or Track 1] at 151,200 WHEEtL- 
Trips, Just BEroRE CONSTRUCTION OF THE BITUMINOUS 
SURFACE LEFT, Section 2, Wuicu Is Atso REPRESENTA- 
rIVE OF SecTIONS 1 AND 3; RiGcut, Secrion 5, Wuicu Is 
Anso REPRESENTATIVE OF SECTION 4. 

after the water had been raised to the 21-inch level, 


the average vertical displacement of the surface on all 
the sections was less than 0.05 inch and the maximum 
amount of rutting was 0.09 inch. It was not until the 
water had been raised to the 5-inch level, or to within 
1 inch of the bituminous surfacing, that pronounced 
base movement was observed. Under this extreme 
condition and with increased wheel loads, section 5 
had definitely failed at the end of the test, 298,500 
wheel-trips. Section 4 exhibited considerable move- 
ment and the surface treatment between the wheel 
courses was cracked. The wheel tracks were visible on 
sections 1, 2, and 3, but there was little distortion of the 
surface treatment. The condition of the track at the 
end of the test is shown in figure 5. The final condition 
of sections 2 and 3 was similar to that of section 1. 
Track pe Sodium chloride adm rrture. ~This track 
consisted of five mixtures similar to those tested in 


track | 





Figure 5 


-SECTIONS OF TRACK 1 At THE CONCLUSION OF THE TEsT. 
9 


AND 3; MIDDLE, Section 4; 


Lert, Section 1, Wuicu Is ALSo REPRESENTATIVE OF SECTIONS 
Riegut, Secrion 5. 
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The test schedule together with notations on the 
behavior of the five test sections are given in table 6. 
Figure 6 shows the results of the displacement measure- 
ments. 
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-—SuRFACE DISPLACEMENTS OF SECTIONS OF TRACK 2 
AT Various STAGES OF THE TEST. 


Figure 6.— 
|S 

Raveling of the surface under distributed traffic was 

first noted at about 160,000 wheel-trips in section 5 and | 
progressed gradually to 184,000 wheet-trips, when | 
sprinkling was started. At this time sections 2, 3, and | 
4 had also started to ravel to some extent along the | 
curb line. The condition of section 5 is illustrated in | 
| 
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SECTION 2 


(2 5 or Track 2 at 184,000 Wueet-Tripes, 
Just BEFORE THE FIRST SPRINKLING. SOME RAvELING Hap 
DEVELOPED, PARTICULARLY ALONG THE EDGEs. 


FIGURE 


The average vertical displac ement of sections 2, 3, 4, 
and 5 was less than 0.05 inch and the amount of rutting 
was correspondingly low. Section 1 of track 2 failed to 
compact readily as was the case with the corresponding 
section in track In track 2, this section finally be- 
came stable at about 84,000 wheel-trips although the 
rate of average vertical displacement continued to be 
much higher than in the other sections up to about 
150,000 wheel-trips. Thereafter little additional move- 
ment was noted until water was applied to the surface 

Sprinkling was started at 184,000 wheel-trips and 
continued in a manner similar to that described for 
track 1. The water passed through the salt treated 
sections slowly. The first application was made on 
Saturday and had all disappeared by the following 
Monday. The second application required about 24 
hours to disappear from section 5 and between 32 an 
48 hours to disappear from the other sections. Fo 
days after the last application there was still some wat: 
remaining on sections 1 and 2 in the low spots. 

The moisture content of each section as well as t! 


~, 











figure 7. sodium chloride content determined on that portion \ 
TABLE 6.—Schedule of operations and behavior of test sections in track 2 with sodium chloride 
Water Behavior 
level oe ts a a a ee oe | se 
Operation Traffic above | 
B.A Sec. 1 Sec. 2 Sec. 3 Sec. 4 Sec 
‘ 
Wheel-trips Inches | 
Placing and compacting vial Oto 64,000 10 | Unstable........_- | Good_........- Good Good | Good. 
Testing with distributed traffic.....| 64,000 to 84, 000 2%) Slightly unstable x eS do do Do. 
TS el Ae 84, 000 to 104, 000 ¥) Slight pitting---.-_|- do do do Do. 
| SST | 104, 000 to 184, 000 10 Good : ...| Slight rave neve ; Slight raveling Slight rave _ Raveled 
Sprinkling and testing with dis- | 184, 000 to 234, 300 10 | Slightly unstable._| Good_. ' Good. scaws Goo we Good durir 4 
tributed traffic. | kling but I 
later. 
Compacting bituminous surface | 234,300 to 257, 000 je ne .-do. ; .-do m= OO ncsh oveesece} GO0d, 
treatment. s | 
Testing with concentrated traffic...| 257,000 to 297, 000 Se eee A i tlds 1_....40 ..do Do. 
SET ee a 297, 000 to 347, 000 21%. ° “Sees & do | do do Do 
NN airtebica laste ances ntahestiancon esate 2 347, 000 to 407, 000 5 |. | Slightly unstable__| Slightly unstable | Slightly unstable 





1 No water in sub-base. 
2 Whee] loads increased from 800 to 1,000 pounds at 375,000 wheel-trips. 


Slightly uns 
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Figure 8.—Secrtions or Track 2 at 231,309 Waee.-Trips, Just BErFoRE CONSTRUCTION OF THE BITUMINOUS SURFACE. 
REeRESENTATIVE OF SECTIONS 2 


Section 1; Mippus, Secrion 3, Waicu Is Atso 
the material passing the No. 10 sieve is shown in table 7 
for various time during the testing period. The 
leaching effect is clearly illustrated in this table, being 
most pronounced in the sections with the lowest dust 
contents. 

The sodium chloride contents of samples taken from 
sections 1, 2, and 5, were much greater at 184,000 wheel- 
trips than at the start of the track test. Section 3 
showed a slight increase and section 4 a slight decrease 
Moisture 


TABLE 7. sodium 


contents and chloride contents in 
track 2 at several stages of the iest 
Sodium 
enti Moisture chloride 
Section eae Stage of test content content of 
No. = tri ce ee eee based on portion 
ps dry weight passing No 
10 sieve 
Percent Percent 
| 1,600 Start ‘ 7.1 0. 24 
184,000 | Before sprinkling . 3.6 1.29 
| 196,000 | After sprinkling 5.3 a 
j\ 407,000 | After testing with bituminous sur- 5.1 16 
| | face. 
\ 1,600 | Start 6.4 .3l 
184,000 | Before sprinkling ___----- 3.5 1. 49 
| 196,000 | After sprinkling 4.6 ll 
}{ 407,000 | After testing with bituminous sur 5.5 07 
} | face. 
| te eR enone 6.6 23 
184.000 | Before sprinkling... ___- 2.7 35 
| 196,000 | After sprinkling 3.9 | Of 
| 407, 000 After testing with bituminous sur- 4.3 0: 
face 
| SS 3 a er 7 5.4 27 
184,000 | Before sprinkling___-_- 2.6 .19 
| 196,000 | After sprinkling 4.4 17 
|( 407,000 | After testing with bituminous sur- 4.7 03 
face. 
| 1,000 | Gtart.......- ‘ 4.3 18 
} 184,000 | Before sprinkling 2.3 43 
~ | 196,000 | After sprinkling os 3.3 . 04 
|( 407,000 | After testing with bituminous sur- 5.1 . 02 
face. 
Distributed traffic was continued after the final 


application of water on the surface up to 234,300 wheel- 
trips. All sections showed a marked increase in the rate 
of vertical displacement after the application of water. 
Section 1 softened on the surface but did not become 


LEFT, 
{1GHT SeEcTioN 5. 


AND 4; 
unstable throughout its entire depth. The excessive 
displacements measured on section 1 (see fig. 6) may be 
explained by the fact that the softened surface crust 
picked up under the wheels and was either deposited on 
other sections or thrown off the track. 

The photograph of section 1, figure 8, taken at 234,300 
wheel-trips, shows this condition. It can be seen that 
the surface is definitely lower than that of the adjoining 
section shown in the background although there are no 
indications of rutting. 

Sections 2, 3, and 4 showed an increase in vertical dis- 
placement during the sprinkling operations but bonded 
firmly under distributed traffic and actually became 
smoother as the test progressed up to 234,300 wheel- 
trips or the end of this phase of the test as illustrated by 
the view of section 3 in figure 8. 

Section 5 continued to show increasing amounts of 
vertical displacement both during and after the sprin- 
kling operation and while this section was not loose 
during the time water was being applied, evidence of 
raveling was noted as drying started soon after the last 
application. This section is also shown in figure 8. 


ALL MIXTURES IN TRACK 2 PROVED SATISFACTORY AS BASE 


COURSES 


A bituminous surface treatment was applied to track 
at 234,300 wheel-trips. All the mixtures proved 
satisfactory as base courses when treated with sodium 
chloride as they did in track 1 when treated with 
calcium chloride. Again it was necessary to raise the 
water table to the 5-inch level and increase the wheel 
loads to 1,000 pounds before definite indications of 
failure could be produced. The average vertical dis- 
placements and rutting (see fig. 6) varied from 0.04 to 
0.09 inch for all sections between the time concentrated 
traffic was started at 257,000 wheel-trips and the time 
the second set of profiles was taken at 274,000 wheel- 
trips. Most of this displacement resulted from incom- 
plete initial compaction of the surface treatment which 
was constructed in cold weather. Even with this dis- 
placement, which cannot be attributed to movement in 
the base, neither the average vertical displacements nor 


9 
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TRACK 2 


SECTIONS OF 


FIGURE 9. AT THE CONCLUSION OF 


REPRESENTATIVE OF SECTIONS 


the average depth of ruts exceeded 0.25 inch for any 
of the sections until near the end of the test. 

When the test was concluded at 407,000 wheel-trips, 
section 1 was in fairly good condition except for the 
superficial rutting caused by poor compaction of the 
surface treatment (fig. 9), and showed the least amount 
of displacement. Profilometer measurements indicated 
the greatest amounts of movement to have occurred in 
sections 2 and 4. The appearance of these two sections 
at the end of test was very similar to that of section 3, 
shown in figure 9. The surface treatment on all three 


of these sections had cracked between the wheel | 
courses. Section 5 was showing signs of failure at the 


end of the test although the total vertical displacement | 
was not as great as for some of the other sections. The | 
surface treatment was breaking and the section was 
becoming rough generally as shown in figure 9. 

Track 3: Without chemical admizture—Five mixtures 
similar in composition to those placed in tracks 1 and 2 
were tested in track 3 without the admixture of a 
water-retentive chemical. 

The schedule of testing operations and observations 
on the behavior of the five sections of track 3 are given | 
in table 8. Figure 10 shows the average vertical 
displacement and the amount of rutting. 

In general, the behavior of the five materials without 
chemical admixture was conspicuously different from 
that of the corresponding sections of tracks 1 and 2 
prior to the application of the surface treatment. Sec- 
tion 1 failed to compact well, as did the same section 


TABLE 8.—Schedule of operations and behavior of 


Water 
level 
above 
top of 

sub-base 


Operation Traffic 


Wheel-trips Inches 
Placing and compacting._.._._......_______- 0 to 60,000 10 | Unstable 
Testing with ements traffic._..._- ---| 60,000 to 80,000 2144 Dusty 
eT eis 80,000 to 100,000 16| Raveled 
COS ae a: | 100,000 to 160,000 20 do.3 
— and testing with distributed | 160, 000 to 180, 500 20 | Good 
rg aataees surface treatment. 180, 500 to 200, 500 20 do 
bhae ~ with concentrated traffic._..._..__- | 200, 500 to 240, 000 14\_____do 
ee eae 240, 000 to 260, 000 26 do 


4 260, 000 to 300, 000 do 








THE TEsT. 
2 AND 4; 


| ing at a faster rate than the water could be brought up 
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20 No. 9 


Lert, Section 1; Mippue, Secrion 3, Wuicu Is Aso 


Rigut, Secrion 5. 


in the two previous tracks, showing considerable move- 
ment throughout the 60,000 wheel-trips of compacting 
traffic. It differed widely from the others, however, 
during the initial flooding of the sub-base from 60,000 to 
100,000 wheel-trips. (See table 8.) The surface became 
dry and dusty, indicating that evaporation was proceed- 


through the material by capillarity. No such behavior 
was observed in tracks 1 and 2 where water-retentive 
chemicals were used as admixtures. 

Raveling in section 1 began shortly after 80,000 
wheel-trips when the water was dropped to one-half 
inch above the bottom of the test course. Shortly 
before the sub-base was drained at 100,000 wheel- 
trips, sections 2 and 3 also started to ravel in the order 
named. The surfaces of all three sections were dry at 
this time in contrast to the surfaces of sections 4 and 5 
which appeared damp and well bonded. 





SPRINKLING AIDED IN SURFACE MAINTENANCE OF GRANULAR 


MIXTURES 


Upon the complete withdrawal of water from the 
sub-base, sections 4 and 5 also started to ravel. The 
condition of representative sections at 160,000 wheel- 
trips just prior to sprinkling is illustrated by figure 11 
Section 1 is representative of the condition of both 
sections 1 and Section 3 shown at the bottom of 


figure 11 was intermediate and sections 4 and 5 were 
slightly better condition than section 3. 
test sections in track 3 without chemical admiaztures 
Behavior 
pec. 2 Sec. 3 Sec. 4 st 
Slightly unstable Good Good Good 
Good 7 do do Do 
Raveled Slight raveling do Do 
do Raveled Raveled Raveled 
Good Good Crood CGrood 
do.... do do Do 
do. do do Do 
do. Slightly unstable do Do 
do Unstable Unstabk Slightly u 


1 No water in eub-bese. Water admitted to sub-base at 10,000 wheel-trips for 400 w “a el-trips, then drained 
2 No water in sub-base. 

3 Raveling was progressive from secs. 1 to 5. 

4 Wheel loads increased from 800 to 1,000 pounds, at 290,000 wheel-trips. 
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Sprinkling was started at 
continued ina 


160,000) wheel-trips and 

manner similar to that deseribed for 
tracks 1 and 2.) The sections transmitted the water 
tnuch more readily than did the corresponding sections 
treated with water-retentive chemicals. 

All sections in track 3 were benefited by the applica- 
tion of water to the surface. Although the vertical 
displacements continued to Increase (fig. 10) the sur- 
fuces became firm and the aggregates were well bonded 
under the action of traffic. Figure 12 shows the condi- 
tion of sections 1 and 3 just prior to the construction of 
the bituminous surface at 180,500 wheel-trips. Com- 
parison of the sections at this time with their condition 
as shown in figure 11 clearly illustrates the beneficial 
effect of the surface water. 

\ bituminous surface treatment was applied to track 
3 at 180,500 wheel-trips. All five materials proved 
satisfactory as base courses without chemicals. The 
average vertical displacements and amounts of rutting 
fig. 10) indicated that detrimental movements 
were not produced until the water had been raised to the 
5-inch level and the wheel loads increased to 1,000 pounds. 

Seetions | and 5 exhibited the least amount of move- 
ment when tested as base courses. They remained in 
excellent condition throughout this phase as illustrated 
In figure 13. 

Section 2 moved more than sections 1 and 5 but was 
still in good condition at the end of the test. Some 
cracking of the surface treatment between the wheel 
courses was observed. The condition of these three 


(se 
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sections was similar and is illustrated by the view of 
section 5, figure 13. Sections 3 and 4 showed sufficient 
rutting at the end of the test to indicate failure. How- 
ever, this condition was produced only after unreason- 
ably severe test conditions had been imposed. Section 


3 in figure 13 is representative of the condition of both 
t at the conclusion of the test. 


sections 3 and 





Figure 11.--Secrions or Track 3 at 160,000 WuHeEEL-TRrips, 
Just Berore THE First SprRINKLING. UppErR, SEcTION 1, 
Wuicu Is Auso REPRESENTATIVE OF SeEcTION 2; LOWER, 


SEcTIONS 4 AND 5 WERE IN SLIGHTLY BETTER 


THAN SEction 3. 


SECTION 3. 
CONDITION 








Figure 12.—Srctions or Track 3 at 180,500 WueEet-Trips, 
Soon AFTER SPRINKLING Was DISCONTINUED. UPPER, SEc- 
TION 1, Wuicu Is Ats? REPRESENTATIVE OF SECTION 2; 
Lower, Secrion 3, Wuicn Is Atso REPRESENTATIVE OF 
SECTIONS 4 AND 5. 


Track 4: Crusher-run materials.—The five sections 
of track 4 were constructed of three types of crusher- 
run materials. Sections 1, 2, and 3 consisted of lime- 
stone, granite and slag materials, respectively, as ob- 
tained from commercial sources. Section 4 was a 








TRACK 3 AT THE CONCLUSION OF 


-SECTIONS OF 
Upper, Section 3, Wuicu Is 


FicurReE 13. 
TEST. 
OF SEcTION 4; LOWER, 
TATIVE OF SECTIONS 1 


THE 
Atso REPRESENTATIVE 


Section 5, Wuicu Is Atso REPRESEN- 


AND 2. 


mixture of 90 percent granite and 10 percent slag, and 
section 5 was a mixture of 90 percent granite and 10 
percent limestone. The sections were constructed by 
dampening and compacting the materials without 
chemical admixtures. 

After the initial compaction period (82,600 wheel- 
trips) the test was carried out in three distinct steps as 
shown in table 9. 

The water level was raised to 2'5 inches and dis- 
tributed test traffic was applied from 82,600 to 182,600 
wheel-trips while the water was gradually lowered and 
finally drained out of the sub-base. Distributed traffic 
was then continued to 242,600 wheel-trips. 

2. The water was again raised to 2! inches, and a 
surface application of calcium chloride at the rate of 
143 pounds per square yard was made. Testing with 
distributed traffic was then resumed while the water 
was again lowered and finally drained out at 308,800 
wheel-trips. Distributed traffic was then continued to 
366,000 wheel-trips. 

3. A bituminous surface was constructed and con- 
centrated traffic was applied while the water level was 


TABLE 9.— 











Water 
| level | 
Operation Traffic ee ee 
| top of 
sub-base | Sec. 1 
Wheel-trips Inches | 

Placing and compacting._.. otal 0 to 82,600 10 | Good_...-- 

Testing with distributed traffic 82,600 to 142, 600 | 214|.....do 
) Saas | 142,600 to 182, 600 | lo do. 
Se | 182,600 to 242, 600 10 | Slight raveling 

Applying calcium chloride and com- 242,600 o 248, 800 19 Good ‘ 

pacting treated surface.? 

Testing with distributed traffic. _- 248, 800 to 288, 800 2 ee 
ae eae 3 288, 800 to 308, 800 ae ' SS Sa 
Do 308, 800 to 366, 000 10 eo Ee 

Compacting bituminous surface treat- | 366,000 to 394, 300 10 — ea 

men } 

Testing with concentrated traffic_....| 394,300 to 434, 300 ae, Riis 
Saas | 434, 300 to 474, 300 214) .....do 
er | 474,300 to 534, 300 416 do 





1 No water in sub-base. 
2 Sections scarified, sprinkled, compacted lightly, and treated with a surface application of 114 pounds of calcium chloride per square yard. 
2, 4, and 5 scarified at 308,800 wheel-trips. 


3 Section 5 scarified at 292,200 wheel-trips. Secs. 3 
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Figure 14.—SurFrace DISPLACEMENTS OF SECTIONS OF TRACK 4 
AT VARIOUS STAGES OF THE TEST 
gradually increased to a maximum of 4's inches at 474,- 


300 wheel-trips. An additional 60,000 wheel-trips of 
concentrated traffic was applied with the water remain- 
ing at the 4'4-inch elevation 

Sections 1 and 3 compacted well and showed no 
signs of raveling until the water had been completel) 
withdrawn from the sub-base at 182,600 wheel-trip- 
Sections 2, 4, and 5 on the other hand did not bond o: 
set up well. The surfaces of these sections became 
loose and dusty even with the water 2\4 inches above thy 
bottom of the test course. 

Figure 14 shows the amounts of rutting and the aver- 
age vertical displacements as measured by the profilom- 
eters. Both instruments indicated the greatest amount 
of movement up to 242,600 wheel-trips in sections 2 and 
4 and the least movement in section 3. Section 
figure 15, is representative of both sections 1 and 3. 
Slight raveling along the curbs was observed as well as 


Schedule of operations and behavior of test sections in track 4 


Behavior 
Sec. 2 Sec. 3 Sec. 4 Sec 

Slightly unstable Good Slightly unstable Unstable 
Raveled do Raveled Raveled. 

do do do Do. 

do Slight raveling do Do 
Good Good Slightly unstable Slightly u 
Slightly unstable — ae Unstable 
Unstable__- ..do Unstable Do. 
Slightly unstable do Slightly unstable Do 
Good do Gooc Good 

| do... do Do. 
Unstable do Unstable. Slightly u Die 

do do o-+-@0 Unstable 
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FrigurRE 15.--Secrions or Track 4 atv 242,600 WHeEeEL-TRIPs, 
Just BEFoRE APPLICATION OF CALCIUM CHLORIDE UPPER, 
Secrion 1, Wuicu Is Aso REPRESENTATIVE OF SECTION 3 
LOWER, Section 5, Wuicu Is Atso REPRESENTATIVE O} 
SECTIONS 2 AND 4 


some wear on the surface. The appearance of section 
5, also shown in figure 15, is typical of sections 2, 4, 
and 5, at 242,600 wheel-trips. The surfaces were loose 
and unbonded and were wearing badly. 

At 242,600 wheel-trips, the sections were scarified 
lightly and sprinkled. The water level was raised to 
245 inches and calcium chloride was applied uniformly 
to the surface. Traffic was started on the following day 
after all calcium chloride had disappeared from the 
surface. 

No dusting or raveling was observed on any of the 
sections throughout the test period from the time eal- 
cium chloride was applied until the bituminous surface 
treatment was constructed. 

The limestone and slag in sections 1 and 3, respec- 
tively, remained in good condition during this phase of 
the test as illustrated in figure 16. The other sections, 
which were constructed with granite as the predominat- 
ing constituent, exhibited a marked movement of the 
surface. This was distinct from the raveling noted 
‘arlier in the tests and consisted of shoving and dis- 
placement in the direction of traffic. This is well illus- 
rated in figure 16, which shows section 5. The condition 
escribed became so bad that it was necessary to scarify 
nd reshape section 5 at 292,200 wheel-trips and sec- 
ions 2, 4, and 5 at 308,800 wheel-trips. 

At 366,000 wheel-trips, the sections were reshaped 
ind compacted and the bituminous surface treatment 
vas applied. Water was brought in contact with the 
base course and testing with concentrated traffic 
siarted at 394,300 wheel-trips. 

Sections 1 and 3 remained in good condition through- 
out the test period. At the end of the test sections 
2. 4, and 5, had definitely failed. The displacements 
for these latter sections were in excess of 0.25 inch and 
al! three sections showed considerable movement under 
individual wheel-trips. As shown in figure 14 the 
displacement curves for these three materials rose 
continuously throughout the test. The displacement 
curves for sections 1 and 3 on the other hand flattened 





IGURE 16.—SectTions oF Track 4 at 366,000 WHEEL-TRIPs, 
Just BEFORE CONSTRUCTION OF THE BITUMINOUS SURFACE. 
Upper, Section 3, Wuicn Is Atso REPRESENTATIVE OF 
Section 1: Lower, Section 5. SECTIONS 2 AND 4 WERE IN 
SoMEWHAT BETTER CONDITION THAN SECTION 5. 





FIGURE 17 SECTIONS OF TRACK 4 AT THE CONCLUSION OF THE 
TES1 Upper, Secrion 1, Wuicuw Is Atso REPRESENTATIVE 
OF SEcTION 3; LOWER, SeEcTION 4, Wuicu Is ALtso REPRESEN- 


rATIVE OF SECTIONS 2 AND 5. 


even under the extremely severe test conditions and 
never exceeded 0.2 inch. While sections 2, 4, and 5, 
gave evidence of fairly satisfactory service with the water 
elevation at one-half inch they appeared definitely infe- 
rior to sections 1 and 3 even at this stage of the test. 

Figure 17 illustrates the condition of representative 
sections of the track at the conclusion of the test. 

SUMMARY 

The test behavior of all the sections in tracks 1, 2, 
and 3, is correlated in table 10. 

Performance as surfaces.—The grading curves for 
the 5 materials tested in tracks 1, 2, and 3 are shown 
in figure 18. The shaded band in this figure is drawn 
to include the A. A. S. H. O. specification requirements 
for coarse-graded, aggregate-type surfacing materials. 
These specifications stipulate that the fraction passing 
the No. 40 sieve shall have a liquid limit not greater 
than 35 and a plasticity index not less than 4 nor more 
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FiGURE 18.—GRADINGS OF MATERIALS IN TRACKS 1, 2, AND 3. 
SHADED AREA [INDICATES ZONE WITHIN WuicH ARE INCLUDED 
THE SPECIFICATION REQUIREMENTS OF THE A. A. S. H. O 
FOR Type “B’’ MATERIAL FOR STABILIZED SURFACE COURSE 
EACH GRADING CURVE REPRESENTS THE AVERAGE GRADING 
OF THE 3 Secrions HAVING THE SAME NUMBER DESIGNATION 


than 9. The maximum plasticity index of any of the 
mixtures tested was 3 so that while all the mixtures 
except section 5 conform to the specifications in grading 
none of them has a plasticity index high enough to 
meet the specification requirements. 

The tests with distributed traffic prior to surface 
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FiGuURE 19.—-GRADINGS OF MATERIALS IN TRACK 4 SHADI 
AREA INDICATES ZONE WitrHin Wuicu ArE INCLUDED THI 
SPECIFICATION REQUIREMENTS OF THE A. A. S. HL. Ow Fo 
Tyee “C’’ MATERIAL FOR STABILIZED SURFACE COURS! 


showed that these materials all raveled badly unless 
they were kept damp by capillary moisture from the 
eround water table or by water sprinkled on the surface 
With decreasing ground water elevation, 
and 2 with the greatest amount of material passing the 
No. 200 sieve raveled first Further lowering of the 
cround water level produced raveling suecessively in 
sections 3, 4, and 5, which had dust ratios respectively 


sections | 


treatment on track 3 without chemical admixture | of 48, 40, and 31 See table | 
TABLE 10. Correlation of test behavior of the clion n trae } 
Beha er ur 
Se Without bituminous surface With tur 
S Admixture ~e 
Y No 
+ Compacting : a No water in sub : me Water 
E weltiannk water poy ey W ater level base just befor \ ter iD ik! vive W ater ke \W 
mo in sub-base ee = prinkling — , : 
1 Caleinm chloride 1 Unstabk Slightly unst (Good ( i G G 
ble 
2 Sodium chloride ! do ce Slight pitting 
3 None 1 do Dusty Raveled R ( 1) 
! | Caleium chloride 2 Good Good Good ( i ' 1D 
2 | Sodium chloride 2 do do lo rave i i Slieht 
3| None 2 | Slightly unsta do Raveled Ra Gi 
ble 
1 | Calcium chloride 3 | Good do Good Good i 1) 
2 | Sodium chloride 3 ..do do . do Slight rave i Slis 
3 None 3 do do Slight raveling. Raveled Slight t { tal 
ble 
1 | Calcium chloride 4 do dn Good Slight ravel Slight 1 i Good Sligt 
t 
2 Sodium chloride 4 do do do iT G 1 lo do 1 
3 | None do.. do do Raveled do do do Unstat 
1 | Calcium chloride. 5 do Slight raveling. Raveled do Raveled | i 1) 
2 | Sodium chloride 5 do Good Good do Slight ravel i { ~ 
3 None. do do do d CGiood d d D> 
1 On track 3 traffic was discontinued 20,C00 wheel-trips after sprinkling while the sections were still in good condition. ‘Tests prior to sprinkling had indicated th 


wheel-trips with water withdrawn from the sub-base would produce raveling in all sections. 


















The grading curves for the 5 materials tested in 
track 4 are shown in figure 19. The shaded band 
represents the A. A.S. HL. O. specification limits for 
erusher-run surfacing materials. The slag tested in 
section 3 is coarser than provided for by the specifica- 
tions. All other materials conform to the specification 
requirements. Sections 1 and 3, consisting of lime- 
stone and slag materials, were satisfactory throughout 
the tests and were definitely superior to sections 2, 4, 
and 5 which consisted of granite or largely of granite. 
The limestone and slag were naturally cementitious and 
bonded well in the test, whereas the pure granite which 
was used in section 2 failed to bond and was unstable 
under traflic. Admixtures of limestone or slag in the 
amount of 10 percent failed to improve to any appre- 
ciable extent the behavior of the crusher-run granite 
used in this investigation. 

Performance as base The five materials 
tested im tracks 1, 2, and 3 gave good service as base 
courses except under the most severe testing conditions. 
The materials in sections 1, 2, and 3 were finer than the 
A. ALS. H.O. specification for The 
materials in sections 4 and 5, while conforming essen- 
tially to the specification, approached its fine limit 
Previous investigations had shown that concentrated 
traffic, with the ground water elevation one-half inch 
above the bottom of the base course, provides a con- 
dition which is sufficiently severe to identify the defi- 
nitely unsatisfactory materials. In these tests traffic 
was continued with increased wheel loading after the 
water had been raised to 5 inches above the bottom of 
the base course before evidences of failure were pro- 
duced in tracks 1, 2, and 3. 

At the conclusion of these very severe tests the follow- 
ing sections in tracks 1, 2, and 3 were in comparatively 
poor condition: 

Track 1--sections 4 and 5. 

Track 2—sections 2, 3, 4, and 5. 

Track 3-— sections 3 and 4. 

[In general, mixtures which had from 20 to 25 per- 
cent of material passing the No. 200 sieve proved more 
stable than those having lower dust contents. How- 
ever, previous investigations ' have shown that if the 


COUTSES, 


base COUrSeS. 


See footnote 1, p. 173 
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fines were plastic this amount of fine material would 
be detrimental 

The limestone and slag sections in track 4 gave good 
service as base courses under all conditions of the test. 
The granite sections exhibited increasing amounts of 
movement under traffie with the water one-half inch 
above the bottom of the base and failed under the 
severe conditions Imposed toward the conclusion of the 
test. 

Densities measured at the conclusion of the test on 
in table 11. Densities obtained 
in the Proctor or A. ALS. H.O. standard compaction 
test are shown in this table. The compaction 
tests were run on the soil mortar, or that fraction of the 
material passing the No. 10 sieve. The values shown 
in table 11 for tracks 1, 2, and 3, are corrected for the 
material retained on the No. 10 sieve. 

With few exceptions, the densities measured in the 
track were less than the maximum densities computed 
from the Proctor compaction test. Seetion 1, which 
failed to compact readily early in the test in all three 
tracks, ultimately reached the highest density. Sec- 
ft and 5 which set up well initially, had densities 
considerably than the other sections in all 
tracks 

The densities attained in the track by the five crusher- 
run materials as compared with densities obtaimed in the 
vibratory compaction test (see table 12) gave no indica- 
tion as to their suitability. Their behavior depended on 
other characteristics 

leffect of The effect of the 
chemical admixtures on the compactibility of the graded 
materials is shown by the behavior of the test sections 
during the initial compaction period. Track 1 which 
contained calcium chloride reached a condition con- 
sidered suitable for starting the test at somewhat less 
than one-third the wheel-trips required to produce a 
similar condition in tracks 2 and 3. 

Testing with distributed traffic prior to the construc- 
tion of the bituminous surface treatment produced less 
raveling in sections 1, 2, and 3 in both tracks 1 and 2 
in which a chemical admixture was used than in the 
> which contained no 


corresponding sections of track 3 
chemical. Section 4 of the chemically treated tracks 


each track are show! 


also 


tions 
lowe! 


. 


chemical treatments. 


ABLE 11.— Moisture content and density of laberatory compacted aggregates and of circular track sections at conclusion of traffic test 

( pacted by I Samples cut from track at end of test 

Pa tie A dieesbatans S Water ( position by l Water Composition by volume 

\« content ntent 
based based 
n dry Ag A on dry ’ Aggre- Air 
Water ate : 
weight , gate weight Water gate voids 
| 

| Pe r Perce P. ij Percent Percent Percent Percen 
} 6.1 rf) 5. 6 12.8 86.0 1.2 
| | 6.8 15.1 84.0 5.3 11.8 84.3 39 
} Calcium chloride 19 ; R7. 4 16 10.5 85.8 3.7 
4 4 86. f 5.7 12.4 82.0 5.6 
| j 8 s ) 12.8 81.7 5 
( i . 1 11.8 87.3 y 
| ( ; s4 12.4 S4.9 2.7 
Sodtum chloride 2 s s 13 GS 86.3 3.9 
| { SN. 4 4.7 10.3 82.8 6.9 
| 10 4 RN 4 l 10.4 80.6 8.5 

| 

6. ¢ 18 84 3 12.0 85.5 2.5 
| 6.1 .y xt 2 1.6 $4.2 4.2 
None 4 ‘a SS. 8 $8 | 10.5 82.7 6.8 
| 14 | 8 19 10 82.6 6.7 
| 12 } 8 2 1.1 SU. 6 8.3 
5.4 11.6 79.4 9.0 
8.1 16.9 79. 1 4.0 
Calcium chloride ? i; "6 


Compaction test made on portion passing No. 10 sieve 
* Surface application. 


and moisture contents 


ind densities calculated for total n 





xture containing the coarse fraction. 
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was only slightly better and section 5 no better than the 
corresponding sections of track 3. Sections 1 and 2 had 
the highest and section 5 the lowest dust contents. 

In track 1, sections 4 and 5, which displayed the 
greatest amount of raveling, had calcium chloride con- 
tents of 0.06 percent when sampled at 118,200 wheel- 
trips or just before sprinkling. At the corresponding 
period of test on track 2, 184,000 wheel-trips, the sodium 
chloride content of section 4 was 0.19 percent and of 
section 5 was 0.43 percent. (See table 7.) 


TABLE 12.— 
to densities obtained by vibration 


: Density 
‘ + Jensity 
Sec. No. Densi yin 


obtained by 


track vibration 
Percent Percent 
1 79.4 84.0 
2 79. 1 79. 2 
3 79.7 77.9 
4 80. 9 | 79.4 
5 1.3 80. 1 


The appearance just before sprinkiing of section 5 in 
the two tracks containing admixtures is shown in figures 
3 and 7, respectively. At the corresponding stage of 
the test, the condition of section 5 in track 3, which 
contained no admixture, was very similar to that of 
section 5 in track 1 

While water caaied to the surface benefited all sec- 
tions of track 3, it made section 1 of both the calcium 
chloride and sodium chloride treated tracks less stable. 
This loss of stability did not however, extend deeply 
into the course but was confined to the top inch. 

The surface sprinkling failed to improve except 
temporarily the surface condition of the remaining 
sections of track 1, but had no detrimental effect on 
their stability. Aside from its detrimental effect on the 
surface of section 1, the sprinkling caused an improve- 
ment of considerable duration in track 2, which con- 
tained the sodium chloride (figs. 7 and 8). <A shorter 
period of drying and less traffic were required to cause 
raveling to start again in both tracks after leaching 
than before. 

In section 5 of track 1, the amount of raveling caused 
by only 25,000 wheel-trips subsequent to the surface 
application ‘of water was decidedly greater than that 
produced by the 60,000 wheel-trips immediately pre- 
ceding the sprinkling (figs. 3 and 4). Similarly, in 
section 5 of track 2, the 40,000 wheel-trips applied after 
sprinkling and prior to the construction of the bitumi- 
nous surface treatment had a more detrimental effect 
than the 80,000 wheel-trips immediately preceding the 
first application of surface water (figs. 7 and 8). 

The chloride content of all sections was reduced by 
the leaching action of the water sprinkled on the surface 
as indicated in tables 5 and 7. The calcium chloride 
content of the sections of seek 1 varied from 0.05 
percent for section 4 to 0.32 percent for section 1 after 
the leaching test. In track 2 the sodium chloride 
content varied from 0.04 percent for section 5 to 0.21 
percent for section | after leaching. 

Determinations at the conclusion of the track tests 
showed that, with the exception of section 3, the densi- 
ties of corresponding sections in tracks 1, 2, and 3 were 
quite similar. In general the sections containing 
chemicals were slightly denser than the corresponding 


g 
| 


-Densities of crusher-run materials in track compared | 
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untreated sections and the densities were roughly pro- 
portional to the amount of material passing the No. 200 
sieve. The greatest difference was in section 3. In 
tracks 1 and 2 the final densities of this section were 
85.8 and 86.3 percent, respectively, as compared to 
§2.7 percent where no admixture was used. 


CONCLUSIONS 


The following conclusions appear to be justified, for 
the sections cousidered as surface courses: 

1. Nonplastic granular mixtures (tracks 1, 2, and 3) 
which have the grading requirements of the A. A.S. H.O. 
specifications for surfacing materials but lower plas- 
ticity indexes should give excellent service without 
chemical admixture when kept damp by capillary 
moisture or by water sprinkled on the surface. In 
permanently wet areas, therefore, it appears desirable 
to waive the minimum plasticity index requirement of 
4 as required by the A. A. S. H. O. specification for sur- 
face courses, provided the nonplastic materials so 
admitted have dust ratios of 40 percent or less. 

It was indicated that in dry locations and without 
chemical treatinent the materials used in tracks 1, 
and 3 would be subject to raveling and dusting if used 
as surfaces. 

Crusher-run limestone and slag were satisfactory 
as surfacing courses under wet conditions but became 
dusty under dry conditions. The particular granite 
used in this investigation was not satisfactory as surfac- 
ing because it failed to bond or set up and because it 
shoved badly when wet. 

4. Chemical treatments proved beneficial in the con- 
struction of bases for bituminous surfaces. The ad- 
mixture of calcium chloride expedited compaction. 
Both sales chloride and sodium chloride reduced 
raveling while the base courses were carrying traffic 
prior to construction of the bituminous wearing course. 
These results were obtained under conditions of high 
relative humidity. 

. The presence of 15 to 25 percent of material passing 
the No. 200 sieve is necessary to prevent the loss of a 
large part of the water-retentive chemicals when water 
falls on the surface and percolates through the mixture. 

6. A surface application of calcium chloride was 
effective in reducing dusting and preventing raveling 
on all five sections in track 4. However, the moisture 
held near the surface of sections 2, 4, and » by the 
calcium chloride promoted the formation of fadiantiens 
to a detrimental extent. 

For the sections considered as base courses, 
lowing conclusions appear to be justified: 

All materials tested in tracks 1, 2, and 3 both 
with and without chemical admixtures, gave excellen' 
service as base courses except under moisture condition: 
much more severe than could reasonably be expecte: 
in service. It is believed therefore that existing su! 
faces which meet the A. A.S.H.O. surface cours: 
specifications for grading but which are nonplastic | 
character may be surface treated without alteri 
their composition. 

8. The limestone and slag sections of track 4 ga 
excellent results when tested as bases for bitumin« 
surfacing under all conditions of moisture. Sections 
4, and 5, in which the crusher-run granite was t 


the fol- 


predominating constituent, were inferior to sections 
and 3 but gave satisfactory service except under | 
reasonably severe test conditions. 














November 1939 


9. Considerable latitude in grading requirements can 
be permitted when materials such as crusher-run lime- 
stone or slag are used for base courses. The natural 
cementing properties of these materials assist greatly 
in the formation of stable bases even when the grading 
is definitely coarser than would be allowed by the 
present A. A. S. H. O. specifications. 

10. Materials that gave trouble during the early 
compaction period ultimately attained the highest 
density of any of the sections and gave satisfactory 
service. This confirms the conclusion reached in previ- 
ous investigations that early difficulties encountered in 
compacting materials having acceptable gradings and 
plasticity indexes need not be taken as an indication of 
poor quality. 
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11. Because of its greater density and stability a well- 
graded sand-clay-gravel material having a low plas- 
ticity index is to be preferred to absolutely nonplastic 
material of comparable grading for base-course con- 
struction. 

12. The tests indicate that properties other than those 
revealed by the mechanical analysis and plasticity tests 
influence the behavior of crushed stone or slag aggre- 
gates. 

13. It is indicated that the crushed granite with the 
nonplastic binder used in these tests is not wholly 
satisfactory either as a surface or as a base. Since 
satisfactory roads have been built using granite from 
other sources a more comprehensive investigation of 
this class of material seems desirable. 
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